The giant planets of our solar system possess envelopes consisting mainly of hydrogen and helium but are also significantly enriched in heavier elements relatively to our Sun. In order to better constrain how these heavy elements have been delivered, we quantify the amount accreted during the so-called "late heavy bombardment", at a time when planets were fully formed and planetesimals could not sink deep into the planets. On the basis of the "Nice model", we obtain accreted masses (in terrestrial units) equal to 0.15 ± 0.04 M ⊕ for Jupiter, and 0.08 ± 0.01 M ⊕ for Saturn. we find the enrichments to be 2.1 ± 1.4 (w/ inversion) or 1.2 ± 0.7 (w/o inversion)
Introduction

1
The four giant planets of our solar system have hydrogen and helium envelopes (corresponding to about 30 times solar with the old solar abundances). In-terior models fitting the measured gravitational fields constrain enrichments 11 to be between 1.5 and 8 for Jupiter and between 1.5 and 7 times the solar 12 value for Saturn (Saumon and Guillot, 2004) . For Uranus and Neptune, the 13 envelopes are not massive enough (1 to 4 Earth masses) for interior models to 14 provide global constraints on their compositions.
15
Enriching giant planets in heavy elements is not straightforward. Guillot and Gladman 
27
• The forming giant planets may accrete a gas that has been enriched in heavy 
52
The article is organized as follows: we first describe the orbital evolution model 
General description
59
The Nice model postulates that the ratio of the orbital periods of Saturn and
60
Jupiter was initially slightly less than 2, so that the planets were close to 61 their mutual 1:2 mean motion resonance (MMR); Uranus and Neptune were 62 supposedly orbiting the Sun a few AUs beyond the gas giants, and a massive 
72
The acquisition of eccentricity by both gas giants destabilized Uranus and Here we use these 5 simulations (the main one and its 4 'clones') to evaluate with that planet will not be taken into account (but they will be considered 135 for the collision probability with the other planets). The rationale for this 136 is that the resonant objects, even if planet-crosser, cannot collide with the 137 planet, because they are phase-protected by the resonant configuration, as in 138 the case of Pluto.
139
The width of a resonance is proportionnal to and kindly provided to us. Once P i is known for each particle (i = 1, . . . , N), 148 the mass accreted by the planet during the time-step ∆t is simply :
where M i is the mass of the planetesimal (with M i = 0.00349 Earth mass),
151
and f grav is the gravitational focusing factor. The latter is equal to : and Neptune is scattered into the planetesimal disk, it accretes many more 173 planetesimals and eventually exceeds Uranus in terms of total accreted mass.
174
As previously described, the evolution of the system is very chaotic and Fig.1 175 only represents one of the possible outcomes. In order to assess the variability 176 of the solutions, we also present in Fig.2 
187
In order to obtain the evolution of the mass accreted by 4 giant planets during hence accretes much more planetesimals than Uranus also before the LHB.
201
This remains the case during/after the LHB, since Neptune is scattered into 202 the disk and acquires even more planetesimals compared to Uranus. 
203
All the planetesimals larger than s mixed will penetrate more deeply than the 278 extent of mixing and will enrich a larger part of the envelope, yielding the 279 enrichments lower than observed.
280
We now evaluate the mass fraction of planetesimals with sizes larger than Table 3 summarizes the results obtained in the case of an incomplete mixing.
294
Compared to the whole envelope mass, the masses of layer enriched by this Table 3 , we see that the large planetesimals with a size bigger 300 than s mixed are comparable and even predominant in terms of mass compared 301 to the small ones, especially for Uranus and Neptune.
302
Therefore even if we assume an incomplete mixing giving the observed en-303 richments, the important supply of heavy elements by the large planetesimals 304 at layers deeper than h mixed will imply anyway lower enrichments than those 305 observed.
306
In summary, it appears that the observed enrichments cannot be explained in 
Conclusion
310
In this work, we evaluated the extent to which the late heavy bombardment 311 could explain the observed enrichments of giant planets.
312
We calculated the mass accreted by each planet during this period thanks to 313 several dynamical simulations of the LHB within the so-called "Nice" model.
314
The accreted masses were found to be much smaller than those of the en- 
